Ab initio calculations have been carried out on low-lying singlet and triplet states of TeO 2 at different levels of theory with basis sets of up to the augmented-polarized valence-quintuplequality. Equilibrium geometrical parameters, harmonic vibrational frequencies, and relative electronic energies of the (1) 1 B 2 state of TeO 2 and also confirm the vibrational assignments of Hullah and Brown. However, our simulated spectrum suggests that the reported LIF spectrum from 345 to 406 nm represents only a portion of the full (1) 1 B 2 ←X 1 A 1 absorption spectrum of TeO 2 , which extends from ca. 406 to 300 nm. Another dye other than the two used by Hullah and Brown is required to cover the 345-300 nm region of the LIF band. Ab initio calculations show strong configuration mixing of the (1) 1 B 2 electronic surface with higher 1 B 2 states in a region of large TeO bond length (у2.0 Å) and OTeO bond angle (у135.0°).
calculated. Potential energy functions ͑PEFs͒ of the X 1 A 1 and the (1) 1 B 2 states were computed at the complete-active-space self-consistent-field multireference configuration interaction level, with a basis set of augmented-polarized valence-quadruple-quality. Franck-Condon factors ͑FCFs͒ for the electronic transition between the X 1 A 1 and (1) 1 B 2 states of TeO 2 were calculated with the above-mentioned ab initio PEFs. The (1) 1 B 2 ←X 1 A 1 absorption spectrum of TeO 2 was simulated employing the computed FCFs, which include Duschinsky rotation and anharmonicity, and compared with the recently published laser-induced fluorescence ͑LIF͒ spectrum of Hullah and Brown ͓J. Mol. Spectrosc. 200, 261 ͑2000͔͒. The ab initio results and spectral simulation reported here confirm the upper electronic state involved in the LIF spectrum to be the (1) 1 B 2 state of TeO 2 and also confirm the vibrational assignments of Hullah and Brown. However, our simulated spectrum suggests that the reported LIF spectrum from 345 to 406 nm represents only a portion of the full (1) 1 B 2 ←X 1 A 1 absorption spectrum of TeO 2 , which extends from ca. 406 to 300 nm. Another dye other than the two used by Hullah and Brown is required to cover the 345-300 nm region of the LIF band. Ab initio calculations show strong configuration mixing of the (1) 1 B 2 electronic surface with higher 1 
I. INTRODUCTION
Recently, Hullah and Brown 1 reported the jet-cooled laser-induced fluorescence ͑LIF͒ excitation spectrum of TeO 2 in the 345-406 nm region, where TeO 2 was prepared in the gas phase for spectroscopic study by heating the solid dioxide to 1123 K under ca. 2.5 bar of argon and expanding the vapor through a ca. 250 m hole. The observed electronic transition was assigned very tentatively to the 1 2 , employing the CEP-31G* and RCEP-41G* basis sets for O and Te, respectively. Bending potential energy curves of these electronic states were reported, and their equilibrium geometrical parameters were obtained. The vertical (T vert ) and adiabatic (T e ) electronic excitation energies of the excited states from the X 1 A 1 state were calculated. The computed T vert and T e values of the 1 B 2 state from Ref. 6 are 4.04 and 3.50 eV, respectively ͑note that in Ref. 6 , because a different axis system was employed, the irreducible representations of B 1 and B 2 in the C 2V point group are interchanged as compared to these ones used here͒. However, the identified ͑0-0͒ band in the LIF spectrum of Ref. 1 was measured to be at 25 423 cm Ϫ1 (ϭ3.152 eV), and a fitted 0 value of 25 526 cm Ϫ1 (ϭ3.165 eV) was obtained from the vibrational progressions observed in the LIF spectrum. The ab initio T e value from Ref. 6 is larger than these experimental T 0 values by ca. 0.35 eV. In addition, the reported LIF band 1 appears to have two maxima at ca. 25 852 cm Ϫ1 ͑3.205 eV; 386.7 nm͒ and 27 421 cm Ϫ1 ͑3.400 eV; 364.7 nm͒, with the highest observed band position of the LIF spectrum being at ca. 345 nm ͑3.594 eV; 28 986 cm Ϫ1 ). The observed band maxima are lower in energy than the calculated T vert value by more than 0.6 eV. In fact, the CASSCF T vert is ca. 0.45 eV higher in energy than the position at which the LIF band in Ref. 1 decreases to zero intensity. Clearly, the agreement of the ab initio T vert and T e values with the positions of the observed band maxima and the fitted 0 value ͕and/or the measured ͑0-0͒ band position͖, respectively, cannot be considered as good. It appears that the only available ab initio calculations on the excited states of TeO 2 of Ref. 6 do not provide unambiguous support for the assignment of the upper electronic state involved in the LIF spectrum to the 1 B 2 state of TeO 2 , as suggested in Ref. 1 . Nevertheless, the basis sets used in Ref. 6 are small, and the CASSCF method employed therein lacks dynamic electron correlation. In view of these shortcomings in the calculations carried out in Ref. 6 , we propose to carry out near state-of-the-art ab initio calculations on the low-lying electronic states of TeO 2 in order to clarify the assignment of the upper electronic state of the LIF band reported in Ref. 1 . In addition, we also propose to carry out Franck-Condon simulation of the 1 B 2 ←X 1 A 1 absorption spectrum of TeO 2 in order to obtain fingerprint-type identification of the observed LIF spectrum, as we have done previously for the chemiluminescence spectrum of HPCl, 9 the SVL emission spectra of AlNC, 10 the LIF spectrum of GaN 2 , 11 and the SVL emission spectra of PO 2 .
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II. THEORETICAL CONSIDERATIONS AND COMPUTATIONAL DETAILS
A. Ab initio calculations: general
Geometry optimization, harmonic vibrational frequency, and relative electronic energy calculations were carried out on a large number of low-lying electronic states of TeO 2 employing the CIS, CASSCF, B3LYP, MP2, QCISD, CCSD͑T͒, and CASSCF multireference configuration interaction ͑MRCI͒ methods. The basis sets used in the present study are summarized in Table I . Since Te is a rather heavy element, two effective core potentials ͑ECPs͒ namely, LANL2DZ ͑Ref. 13͒ and ECP46MWB, 14 were used, both accounting for 46 core electrons of Te, leaving the valence 5s 2 5p 4 electrons to be described by the valence basis set. The ECP46MWB-aug-cc-pVQZ basis set of Te is the standard (16s12p4d3 f 2g)/͓5s5 p4d3 f 2g͔ basis set designed for Te to be used with the ECP46MWB ECP by Martin and Sundermann. 15 Both the standard ECP46MWB-aug-ccpVQZ basis set and its slightly modified variants were used, as shown in Table I , together with basis sets of O of corresponding qualities. 16 The lanl2-͓6s6 p3d1 f ͔ and ECP46MWB-AV5Z basis sets for Te ͑see Table I͒ were designed as follows.
The lanl2-͓6s6 p3d1 f ͔ basis set used has the contraction coefficients of the contracted ͓1s͔ and ͓1 p͔ functions obtained from an ROHF calculation of atomic Te employing the LANL2DZ ECP and an uncontracted (17s17p) eventempered primitive set ͑both the s and p sets have a ratio of exponents of 1.5, and tightest s and p exponents of 25.628 907 and 17.085 938, respectively͒. The contracted ͓1s1 p͔ set was augmented with uncontracted 5s (ratio ϭ2.5; tightest exponentϭ2.0), 5p ͑2.5; 1.25͒, 3d ͑4.0; 1.2͒, and 1 f (exponentϭ0.2) functions to give the ͓6s6 p3d1 f ͔ contraction. The lanl2-͓6s6 p3d1 f ͔ basis set of Te was used with the 6-311ϩG (3d f ) basis set of O ͑denoted as basis A for TeO 2 ; see Table I͒ . Basis A was used in geometry optimization and/or harmonic vibrational frequency calculations, employing the GAUSSIAN ͑Ref. 17͒ suite of program.
The ECP46MWB-AV5Z basis set of Te has the contraction coefficients of the contracted ͓1s͔ and ͓1 p͔ functions obtained from an ROHF calculation of atomic Te employing the ECP46MWB ECP and an uncontracted (23s19p) eventempered primitive set ͑both the s and p sets have a ratio of 1.5, and center s and p exponents of 4.0 and 1.0, respectively͒. The contracted ͓1s1 p͔ set was augmented with uncontracted 6s (ratioϭ2.5; tightest exponentϭ4.0), 6p ͑2.5; 3.0͒, 5d ͑3.0; 3.6͒, 4 f ͑3.5; 2.14375͒, 3g ͑4.0; 0.84͒, and 2h ͑4.0; 0.22͒ functions to give the ͓7s7 p5d4 f 3g2h͔ contraction, which is slightly larger than the standard aug-cc-pV5Z basis set. The ECP46MWB-AV5Z basis set of Te was used with the standard aug-cc-pV5Z basis set 18 of O ͑denoted as basis E for TeO 2 ; see Table I͒ . Basis E is the largest basis set used in the present study, with the total number of basis functions of 384, and was used in both geometry optimization and single energy calculations, employing the MOLPRO ͑Ref. 19͒ suite of program.
The GAUSSIAN ͑Ref. 17͒ suite of programs was employed to carry out the CIS, B3LYP, MP2, QCISD, and CCSD͑T͒ geometry optimization and harmonic frequency calculations. Unrestricted-spin UHF wave functions were used with GAUSSIAN for open-shell singlet and triplet states, except in the CIS calculations ͑UHF-unrestricted HartreeFock͒. Spin contamination is small for the triplet states stud- 2 electrons were frozen in these calculations ͑with the core electrons of Te being accounted for by the ECP employed͒. A full valence active space has been used in most of the CASSCF calculations, except in some averaged state calculations involving a large number of states. In the latter cases, it was found that a larger than full valence active space was required for the CASSCF calculations to achieve convergence. With basis D ͑augment-polarized quadruple-quality͒, the numbers of uncontracted and contracted configurations in the internally contracted MRCI calculations are over 1ϫ10 9 and 4ϫ10 6 , respectively, for the singlet states and over 2ϫ10 9 Two uncontracted all-electron basis sets were employed in these relativistic calculations to assess basis set effects. First, the uncontracted all-electron DZVP-DFT-orb and DZVP2-DFT-orb basis sets 20 were used for Te and O, respectively, giving a total number of basis functions of 185 ͑denoted as basis F; see Table I͒ . Second, an uncontracted even-tempered (21s17p13d5 f ) set was used for Te: 21s (ratioϭ2.5; center exponentϭ100.0), 17p ͑2.5; 30.0͒, 13d ͑2.5; 7.0͒, and 5 f ͑3.75; 1.5͒, and the uncontracted (13s7p4d) set from the aug-cc-pVQZ (spd only͒ basis set 16, 18 was used for O, giving a total number of basis functions of 280 ͑denoted as basis G). The uncontracted (15s9p5d) set of the aug-cc-pV5Z (spd only͒ basis set for O was also used together with the (21s17p13d5 f ) basis set of Te, but they gave essentially identical results as with the (13s7p4d) set of the aug-cc-pVQZ (spd only͒ basis set for O. This is expected, as the relativistic contribution from O is significantly smaller than that from Te, which is significantly heavier than O.
The general strategy used in this work is described briefly as follows. Since a large number of electronic states were considered, we started with the simplest CIS level. The CASSCF, MP2, QCISD, and CCSD͑T͒ methods were then employed with the smaller basis sets given in Table I . Finally the RCCSD͑T͒ and CASSCF/MRCI methods with larger basis sets were employed. The lowest singlet and triplet states of each irreducible representation in the C 2V point group were first investigated. Some higher states were also considered at the CASSCF level, as discussed in the following section. One main aim of the present investigation is to obtain reliable computed T e and T vert values of the low-lying electronic states of TeO 2 , in order to ascertain the assignment of the upper electronic state involved in the observed LIF spectrum of Ref. 1 . In this connection, various levels of calculations, in terms of electron correlation and basis size, were carried out as described, and the trends in the calculated minimum-energy geometrical parameters, harmonic vibrational frequencies, and/or relative electronic energies were examined to assess the reliability of the computed quantities. As will be discussed in the following section, the only candidate, which fits the upper state of the LIF spectrum, in terms of calculated T e values, is the (1) For each electronic state studied, the potential energy function ͑PEF͒ V was determined by fitting the following polynomial to an appropriate number of CASSCF/MRCI/D ͑aug-cc-pVQZ quality͒ single-point energies.
The PEF is expressed as displacements of symmetry coordinates, S 1 ϭ(⌬r 1 (1) 1 B 2 state, 143 energy points covering the ranges of rϭ1.39-2.30 Å and ϭ60°-145°were calculated. The nonlinear least-squares fit procedure, 22 NL2SOL, was employed to obtain the C i j 's, V eqm , r eqm , eqm , ␣, and ␤ from the computed single-point energy data. The asymmetric stretching mode has not been considered, because the observed bands in the LIF spectrum do not show any identifiable vibrational structure associated with the asymmetric stretching mode. (20, 20) with a restriction of v 1 ϩv 2 Ͻ20 were used. A larger harmonic basis set of up to h (30, 30) , with a restriction of v 1 ϩv 2 Ͻ30, has also been used, but the energies of the vibrational states obtained are essentially identical to those obtained using a smaller harmonic basis set.
FCFs were computed employing the anharmonic vibrational wave functions and allowing for Duschinsky rotation, as described previously ͑see Ref. 25 and references therein͒. The iterative-Franck-Condon-analysis ͑IFCA͒ procedure, where the geometry change on excitation was varied slightly around the best ab initio computed geometry change upon excitation, while the geometrical parameters of the X 1 A 1 state of TeO 2 were fixed at the ab initio value ͑see later text͒, was carried out to obtain the best match between the simulated and experimental spectra. A Gaussian function with a full width at half maximum of 7 cm Ϫ1 ͑ca. 0.1 nm in the 375 nm region͒ was used for the simulated band for each vibrational component. The relative intensity of each vibrational component in a simulated absorption spectrum is given by the corresponding computed anharmonic FCF and a frequency factor of power 1.
III. RESULTS AND DISCUSSION
A. Ab initio calculations
The ab initio results are summarized in Tables I-V. It is noted that the numbering of the molecular orbitals used in the electronic configurations described in the present study is for the valence molecular orbitals, excluding the O 1s frozen core orbitals ͑the lowest a 1 and b 2 molecular orbitals͒ for the sake of simplicity. For the X 1 A 1 state, the valence electronic configuration is¯( 4a 1 ) 2 (1b 1 ) 2 (3b 2 ) 2 (1a 2 ) 2 , excluding the lowest a 1 and b 2 O 1s orbitals ͑note also that the order of the orbitals presented does not imply energy order͒.
Optimized geometrical parameters
First, the optimized geometrical parameters of the X 1 A 1 state obtained at different levels of calculation are considered. From Table II , it can be seen that both basis size and electron correlation effects affect the calculated equilibrium geometrical parameters. Nevertheless, the computed bond angles e show convergence with larger basis sets and higher levels of electron correlation. It can be concluded that the best theoretical bond angle of the X 1 A 1 state of TeO 2 has a value of 111.2Ϯ0.3°. Regarding the computed bond lengths r e , however, they do not appear to be converging with basis size, though the CCSD͑T͒ and CASSCF/MRCI values obtained with the same basis sets are very consistent. Nevertheless, the spread of the computed r e values obtained using the larger basis sets D and E is ca. 0.010 Å., and we can quote the best theoretical estimate of r e of 1 (1) 1 B 2 state, the basis set E, which is of the aug-ccpV5Z quality, was also employed to obtain the minimumenergy geometry at the CASSCF/MRCI level. The differences in the computed r e and e values between employing the basis sets D ͑aug-cc-pVQZ quality͒ and E ͑aug-cc-pV5Z quality͒ are 0.010 Å and 0.23°, respectively, indicating that the computed e values are converging readily with basis size, while the computed r e value with the basis sets D or E has an uncertainty of ca. Ϯ0.005 Å, similar to that obtained for the X 1 A 1 state, discussed above. The computed geometrical parameters obtained in this work and in Ref. 6 for the low-lying triplet states of TeO 2 are shown in Table III . It has been noted above that, for the triplet states studied here ͓see later text for the (1) 3 A 1 state͔, spin contamination is negligibly small with UHF based methods. The trends of the computed results obtained for the triplet states are in general similar to those of the corresponding excited singlet states discussed, suggesting that spin contamination is indeed not an influential factor in both cases. Summarizing, it has been shown that both basis set size and electron correlation effects are important in determining reliable equilibrium geometrical parameters of low-lying singlet and triplet states of TeO 2 . The ab initio calculations carried out in the present study are significantly superior to, and hence the results obtained are more reliable than, those reported previously. Lastly, when the geometrical change upon excitation from the X 1 A 1 state to the (1) 1 B 2 state is considered, the changes in r e and e are ϩ0.0935 Å and Ϫ12.02°, respectively, at the CASSCF/MRCI level with the basis set D ͑aug-cc-pVQZ quality͒ and ϩ0.0935 Å and Ϫ11.78°at the CASSCF/MRCI level with the basis set E ͑aug-cc-pV5Z quality͒. These ab initio geometry changes are very consistent and would not be expected to change significantly with any further improvement in the level of calculation in terms of basis set size and valence electron correlation. The equilibrium geometrical parameters of the (1) 1 B 2 state will be further discussed, when the simulated absorption spectra are compared with the experimental LIF spectrum, 1 and the IFCA geometry of the (1) 1 B 2 state is considered.
Calculated harmonic and fundamental vibrational frequencies
Since a large amount of experimental data and some theoretical data are available on the vibrational frequencies (1) 1 B 2 states of TeO 2 are ca. ϩ2.0 and ϩ1.67, respectively, suggesting a significant electron density transfer from O 2 to Te upon excitation. In view of the different electronic configurations, computed molecular wave functions and charge densities of the X 1 A 1 and (1) 1 B 2 state of TeO 2 , the question of the adequacy of employing the same quasirelativistic ECP, ECP46MWB, for these two electronic states of TeO 2 , in terms of relativistic contributions, is raised. Consequently, relativistic calculations as described above employing the all-electron basis sets F and G ͑Table I͒ were carried out to investigate the different relativistic contributions of the two states and their effects on the computed T e value. However, because MOLPRO is unable to perform both relativistic and nonrelativistic ROHF calculations on an open-shell singlet state, the corresponding (1) 3 B 2 state with the same electronic configuration as the (1) 1 B 2 state was studied instead, and the computed relativistic contribution of the triplet state was used as an estimate for that of the corresponding singlet state. Table IV gives the differences between the relativistic contributions to the computed electronic energies of the X 1 A 1 and (1) 3 B 2 states obtained by two different methods and two basis sets. The average of the differences obtained at different levels of calculation is Ϫ0.16 eV, which is not trivial. The negative sign means that the relativistic contribution to the total electronic energy of the (1) 1 B 2 state is larger than that of the X 1 A 1 state, as expected from the consideration of the electronic configurations, the compositions of the occupied molecular orbitals, and computed charge densities of the two states. We simply take this averaged value of Ϫ0.16 eV obtained for the (1) 3 B 2 state to approximate the relativistic effect on the T e value of the (1) 1 B 2 state. The best estimated theoretical T 0 value of the (1) 1 B 2 state, including this relativistic correction, is 3.257 eV ͑see Table  IV͒ , which agrees with the experimental T 0 value to within 0.1 eV. In view of the approximation involved in estimating the relativistic contribution to the theoretical T e value of the (1) 1 B 2 state, this agreement between theory and experiment can be considered as satisfactory. Summing up, the best ab initio T 0 value supports strongly the assignment of the upper electronic state associated with the observed spectral band in the LIF ͑Ref. 1͒ and absorption ͑Refs. 30 and 31͒ spectra to the (1) 1 B 2 state of TeO 2 . Considering T vert , the computed value of the (1) 1 B 2 state at the highest level of calculation is 3.81Ϯ0.01 eV ͑325.4 nm; 30 730 cm Ϫ1 ), which is ca. 0.36 eV (2872 cm Ϫ1 ) above the T e value obtained at the same level calculation. If the experimental ͑0-0͒ position of 3.152 eV is taken as the reference point, this ab initio T vert /T e energy difference yields a T vert value of ca. 3.51 eV (28 295 cm Ϫ1 ; 353 nm͒, which is near the energy position at which the experimental LIF band 1 drops to zero intensity on the high energy side. Although the details of the intensity distribution of the vibrational envelope of a spectral band depend on the FCFs of the vibrational components involved, which will be discussed later, the comparison of the computed T vert value with the observed LIF spectrum suggests a significant loss of spectral intensity in the LIF spectrum in the T vert region. One possible cause for the loss of spectral intensity is due to predissociation arising from a nearby repulsive electronic state through an avoided crossing. In order to investigate this possibility, the vertical excitation energies of both the first and second excited singlet and triplet states of each irreducible representation in the C 2V point group were calculated at the CASSCF/C level and the results are summarized in Table V ͑see footnotes d and f for the details of the calculations͒. First, comparing the computed T vert values obtained at different levels of theory for all the first excited singlet and triplet states of all four irreducible representations in the C 2V point group, it can be concluded that the CASSCF/C level of calculation is reasonably reliable. From Table V , it is clear that in the vertical excitation region, there is no electronic state, which is close to the (1) 1 B 2 state. The nearest state is the (1) 3 A 1 state, which is at least ca. 0.7 eV higher in energy in the vertical excitation region. Therefore, it can be concluded that the apparent disagreement between theory and experiment with respect to the ab initio T vert value being significantly higher in energy than the observed band maxima, and being on the high energy side of the LIF band, is not due to interaction with a nearby state. This discrepancy between theory and experiment will be further investigated when the simulated absorption spectrum is compared with the LIF spectrum of Ref. ; 329 nm͒, which are near the high energy tail of the simulated absorption spectrum ͑see the following section͒ and outside the spectral range of the observed LIF spectrum of Ref. 1 . It should also be noted that the mixing of higher 1 B 2 states is significant only at these three geometries. For regions with larger r/ and hence higher energies, the (1) 1 B 2 state becomes dominant again.
From the computed coefficients of the harmonic basis functions in the anharmonic vibrational wave functions, it can be seen that the anharmonic effect is small, except for the bending mode of the (1) 1 B 2 state. Also, mode mixing appears to be negligibly small. However, it should be noted that the (n,m,0) vibrational levels of the (1) 1 B 2 state are calculated to have energies higher than the (nϪ1,mϩ3,0) vibrational levels by ca. 30-40 cm Ϫ1 , giving ''doublet-type'' vibrational structure in the simulated absorption spectrum, which will be discussed in the following section. (1) 1 B 2 state and an IFCA r e value, which is essentially the same as the ab initio value from the PEF. The IFCA bond angle change upon excitation is Ϫ11.26°, while the CASSCF/MRCI/D bond angle change is Ϫ12.02°from the PEFs. It has been mentioned above that the CASSCF/ MRCI/E bond angle change upon excitation is Ϫ11.78°. Comparison between the calculated bond angle change upon excitation obtained employing basis sets D and E suggests a smaller bond angle change with a larger basis set. In this connection, the slightly smaller IFCA bond angle change upon excitation, compared to the ab initio values, is in line with the theoretical trend. Therefore, it is concluded that the agreement between the IFCA and highest level ab initio bond angle change upon excitation from the X 1 A 1 state to the (1) 1 B 2 state of TeO 2 is reasonably good. It is noted here that in the IFCA procedure, the matching between the simulated absorption and observed LIF spectra was focused mainly on the major vibrational structure and in the low excitation energy region ͑370-400 nm͒, with particular emphasis on the relative intensities of the (1) 1 B 2 (n,m,0) and (nϪ1,m ϩ3,0) doublet structure ͑see later text͒. Figure 1͑b͒ is a full simulated absorption spectra arising from excitation from the ͑0,0,0͒ vibrational level of the X 1 A 1 state; i.e., without hot bands. Figure 1͑a͒ is a full simulated absorption spectrum with hot bands arising from a non-Boltzmann distribution for the vibrational population of the X 1 A 1 state. The non-Boltzmann distribution, which gives the simulated absorption spectrum that matches best with the low excitation energy region of the LIF spectrum, has the relative populations of the low-lying vibrational levels of the X 1 A 1 state given in Table VII . This population distribution is almost the same as a Boltzmann distribution at 200 K, except for the populations of the ͑1,0,0͒ and ͑1,1,0͒ levels of the X 1 A 1 state, which are ca. 15 and 20 times larger than those of a Boltzmann distribution at 200 K, respectively. These full simulated absorption spectra shown in Fig. 1 cover a spectral range from ca. 405 to 300 nm, with the (1) 1 B 2 (3,2,0)←X 1 A 1 (0,0,0) vibrational component being the most intense component at an excitation energy of ca. 3.47 eV ͑357.5 nm͒, corresponding to the measured band position of 27 847 cm Ϫ1 ͑3.45 eV; 359 nm͒ in the LIF spectrum. The position of the simulated band maximum based on calculated Franck-Condon factors agrees very well with ab initio T vert values discussed above, but it is near the high energy tail of the observed LIF spectrum, 1 where the observed vibrational intensity goes to zero ͓see also Fig. 2͑a͔͒ . Before this discrepancy between theory and experiment is discussed further, it should be noted, from the simulated spectrum shown in Fig. 1͑b͒ , which does not include hot bands, that the doublet structure of the (1) 1 B 2 (n,m,0) and (nϪ1,mϩ3,0) components is evident throughout the whole absorption band, in line with their computed energy separations of ca. 35 cm Ϫ1 discussed above. We will come back to this feature of the simulated (1) 1 B 2 ←X 1 A 1 absorption spectrum, which is very important in providing fingerprinttype identification and confirmation of the vibrational assignments of the LIF spectrum. Figure 2 shows the experimental LIF spectrum of Ref. 1 ͓Fig. 2͑a͔͒ and the portion of the simulated absorption spectrum in the same energy range of the LIF spectrum ͓Fig. 2͑b͒; part of Fig. 1͑a͔͒ for comparison. The inset in Fig. 2͑b͒ is an expanded version of the long wavelength ͑low excitation energy͒ region of the simulated absorption spectrum. In Fig. 2͑a͒ , the approximate gain curves of the two dyes, DMQ and BBQ, used in Ref. 1, as obtained from the manual of the manufacturer, are also shown. In Ref. 1, there is no mention of correction of the published LIF spectrum for the laser dye intensities. It is therefore assumed that no such correction has been made. Comparing the LIF spectrum with the two dye intensity curves as shown in Fig. 2͑a͒, it Fig. 1͑a͔͒ . The insert in ͑b͒, an expanded part of the simulated spectrum, is for clearer comparison with the LIF spectrum in the low excitation energy region of 380-405 nm ͑see also Fig. 3͒ . The assignments of the main vibrational progressions in the upper state arising from excitation from the ͑0,0,0͒ vibrational level of the X 1 A 1 state are given in Fig. 2͑b͒. See Fig. 3 for the vibrational designations of the hot bands.
follows very closely the two dye intensity curves. This is expected, but the comparison also suggests that the observed relative intensities of the vibrational components in the LIF spectrum appear to reflect mainly the dye laser intensities, which mask the true Franck-Condon factors of the vibrational components. If this conclusion is valid, there are at least two implications. First, the decrease to zero intensity of the LIF spectrum at 345 nm may simply be due to the decrease of the DMQ dye laser intensity and will not indicate the high energy end of the LIF spectrum. In this connection, an alternative dye to cover the higher energy region than those used in Ref. 1 will be required to investigate the higher excitation energy region (Ͻ345 nm) of the (1) 1 B 2 ←X 1 A 1 TeO 2 LIF spectrum and to reveal the full extent of the spectrum and the position of the band maximum. The second implication is that a direct match between the observed LIF spectrum reported in Ref. 1, without correction of dye intensities, and the simulated absorption spectrum reported here, based on computed Franck-Condon factors, is understandably not very meaningful. Specifically, the observed two maxima in the LIF spectrum mentioned above are almost certainly due to the maxima of the two laser dye intensity curves and it is not a true reflection of the Franck-Condon factors. Nevertheless, comparing the LIF spectrum of Ref. 1 ͓Fig. 2͑a͔͒ with the same portion of the simulated absorption spectrum ͓i.e., the low excitation energy part; Fig. 2͑b͔͒ and bearing in mind that the LIF spectrum has not been corrected for laser intensities of the two dyes used, the agreement between theory and experiment can be considered as reasonably good. In particular, the simulated and observed spectra show the very similar doublet feature mentioned above. The agreement of the observed LIF spectrum in this respect is especially good in the 350-380 nm region with the simulated spectrum which does not include hot bands ͓Fig. 1͑b͔͒. However, on including hot bands, as shown in Fig. 2͑b͒ , the weak vibrational feature in the simulated spectrum underneath the main doublet structure appears to be too strong/congested c.f. the observed LIF spectrum in this spectral region. The latter appears to be pretty clean with mainly the doublet structure mentioned above and very little weak structure underneath the major doublet structure. We will come back to this point later. Considering the 380-405 nm region in detail ͓see the inset in Fig. 2͑b͒ and particularly Fig. 3͔ , the match between the simulated and observed spectra is very good including the weak structure from the hot bands. This supports strongly the vibrational assignment of Hullah and 
IV. CONCLUDING REMARKS
Summarizing, comparison between simulated (1) 1 B 2 ←X 1 A 1 absorption and observed LIF spectra leads to the following conclusion. First, despite the lack of dye laser intensity correction in the LIF spectrum, it can be concluded that our spectral simulation confirms the assignments of Hullah and Brown 1 on the molecular carrier of, electronic states involved in, and vibrational structure of their observed LIF spectrum. Second, our spectral simulation suggests that the reported LIF spectrum is only part of the full absorption spectrum, which should extend to higher excitation energy than the spectrum presented in Ref. 1 . Third, the higher excitation energy region of the LIF spectrum ͑from 345 to ca. 375 nm͒ appears to be less congested than the lower excitation energy region of 380-400 nm ͓see Fig. 2͑a͔͒ . Our spectral simulation suggests that the higher energy region of the LIF spectrum is ''cooler'' than the lower energy region. This leads to the suggestion that the experimental conditions used to record the two dye regions in Ref. 1 , shown in Figure 1͑a͒ , are probably not the same. It appears that the portion of the LIF spectrum recorded using the higher energy dye, DMQ, was obtained from a gas-phase sample at a lower vibrational 
